ABSTRACT Problems with indoor husbandry and immunological challenges are some of the stressors that broilers may face which can affect production. Infectious diseases can compound the effects of excessive concentrations of ammonia causing respiratory and ocular inflammation and increased lacrimal production in broiler chickens. The objectives of this investigation were to establish normal values of tear production in chicks and compare the practicality of the different methods. Palpebral fissure length (PFL) and tear production were evaluated in Cobb 500 chicks at 5 d old and then at 5 d of age by the following methods: modified Schirmer's test I (mSTT1), phenol red cotton thread tear test (PRCTTT), and standardized endodontic absorbent paper point test (EAPPTT). Ten chicks at the age of 5 and 42 d were evaluated for each method. In addition, at 42 d, when the palpebral fissure permitted, a regular-sized Schirmer tear test I (STT1) was performed in another group of 10 chickens. Overall, PFL and the secretion of the aqueous phase of the tear film increased with age. Mean mSTT1 results were 5.00 ± 1.83 mm and 10.45 ± 2.58 mm for 5-and 42-d-old chicks, respectively. Mean PRCTTT results were 12.37 ± 1.80 mm and 25.58 ± 4.8 mm for 5-and 42-d-old chicks, respectively. Mean EAPPTT results were 7.13 ± 0.72 mm and 12.03 ± 0.92 mm for 5-and 42-d-old chicks, respectively. Mean STT1 for 42-d-old chicks was 11.40 ± 2.60 mm. Results obtained with endodontic paper points showed the lowest coefficient of variation and investigators found the test easier to perform. These values reported for broilers at different ages may be applied in poultry ophthalmology to help the diagnosis of lacrimal production disorders and to detect early disease symptoms that could cause economic losses in poultry production.
INTRODUCTION
According to the United Nations, world population is expected to reach 9.8 billion in 2050 (UN, 2017) . Improving poultry health is a key component in the prevention of a food shortage (Pimentel, 2004) . Active prevention and promotion of health in poultry production includes the diagnosis of disease at an early stage before an outbreak occurs (Gyles, 1989; Pimentel, 2004) . Some of these diseases cause large economic losses and manifest an increase of lacrimal production due to inflammation of ocular and respiratory tissues. Examples of such diseases are Newcastle and Marek's diseases, reoviruses, salmonellosis, and aspergillosis, as well as poor management conditions that promote excessive ammonia production including poor ventilation (Calnek, 2001; Miles et al., 2006; Feitas Neto et al., 2007; Zande and Kuhn, 2007; Arné et al., 2011; Maliselo and Nkonde, 2015) .
Three eye structures are responsible to produce the complex composition of the lacrimal film that covers the entire ocular surface. These structures are called globet cells, Harderian gland (also known as the gland of the nicitating membrane), and lacrimal glands. Globet cells produce the mucine layer which is responsible to establish the lacrimal film, while Harderian and lacrimal glands produce the aqueous layer which is responsible to lubricate and nourish the eye surface (Kern and Colitz, 2013) . Meibomian glands which are modified sebaceous glands have not been described in the lids of any avian species (Murphy et al., 1990) . The aqueous fraction of the lacrimal film can be measured by simple and quick methods in the majority of domestic animals. In birds, however, the small size of the eye makes this 3258 challenging (Saleh et al., 2006; Lange et al., 2012 Lange et al., , 2014 Lima et al. 2015) . Schirmer tear test 1 (STT1) is the most commonly used method for lacrimal production measurement in humans and several species of animals. The test uses a standard millimeter absorbent paper strip. The tip is folded and positioned in the lower fornix for 1 min (Lima et al. 2015) . Because of its relative large width (5 mm), the test cannot be used in species with small palpebral fissures. There are 3 alternative methods: modified Schirmer's tear test 1 (mSTT1), phenol red cotton thread tear test (PRCTTT), and the endodontic absorbent paper points tear test (EAPPTT) (Saleh et al., 2006; Lange et al., 2012 Lange et al., , 2014 Lima et al., 2015) .
Many poultry diseases have the potential to affect lacrimal production. Standardization of normal tear test values can help in the early diagnosis of some of these ocular diseases in this species. To the authors' knowledge, however, no studies measuring tear production in chicks or adult chickens have been performed. In addition, studies evaluating age-related changes in tear production in chicks are also absent. Therefore, the purpose of this study was to establish normal tear production values for broilers at different ages. Additionally, 3 different techniques to quantify tear secretion in chicks were performed and compared.
MATERIALS AND METHODS
This study was approved by the institutional animal care and use committee and followed the guidelines of the Association for Research in Vision and Ophthalmology (ARVO)'s Statement for the Use of Animals in Ophthalmic and Visual Research. Forty chicks (Cobb 500) without signs of ocular or systemic diseases were used. The birds were reared in an experimental poultry house in wood shavings litter and kept at a comfortable temperature according to their age (1st week-30
• C, 2nd week-26
• C, 3rd week-22
• C, 4th to 6th week-20
• C) with water and feed ad libitum. The mashed diet was based on corn and soymeal following Brazilian nutritional recommendations for poultry (Rostagno and Gomes, 2011) .
Animals, Ophthalmic Examination Screening, and Environmental Conditions
A total of 40 male chicks (Cobb strain) or 80 eyes were analyzed. Three groups of 10 chicks at the age of 5 d then at 42 d, plus yet another 10 chickens at 42 d of age. The animals were kept in an opened house system with a 10 cm pine shavings-litter. Wet litter was turned or replaced when excessively wet every 3 d during the experiment. All animals were evaluated with a slit lamp biomicroscope (SL-17, KOWA, Japan) to confirm the absence of ocular abnormalities.
The animals were tested at 5 and 42 d of age. Mean humidity was 60% and temperature was 30
• C when the animals were tested at 5 d of age. At 42 d of age, mean humidity was 65% and temperature 20 • C (Color Weather Station, AcuRite, Lake Geneva, WI, USA).
Atmospheric ammonia levels at chick eye height were measured and annotated using a calibrated automated toxic gas detector with a range 1 to 1000 ppm (BlockGas model PB-120, São Paulo-SP). Mean ammonia levels were 12 ppm when the animals were tested at 5 d of age. At 42 d of age, mean ammonia levels were 10 ppm.
Palpebral fissure length (PFL) was measured at 5 d and then at 42 d of age using a stainless steel caliper with an LCD display and an accuracy of ±0.02 mm (Neiko Tools, Klamath Falls, OR, USA).
Lacrimal Production Tests
Due to the small size of the eyes at 5 d of age, the regular STT1 was performed only at 42 d of age in another group of 10 chickens (20 eyes). Three alternative methods were used to test lacrimal production in a group of 30 chicks (60 eyes) with 10 chicks for each of the 3 different alternative tests at 5 and 42 d of age. Each test was performed by the same investigator (FMF) on both eyes: oculus dexter (OD or right eye); OS-oculus sinister (OS or left eye). All tests were noninvasive and caused minimal distress to the chicks. Time was monitored via a stop watch. STT-1 was performed by inserting a regular 35 mm-length/5 mm-wide absorbent paper strip (DrogaVet, Curitiba-PR, Brazil) into the lower conjunctival fornix (Figure 1 ) for 1 min. The amount of wetting of the paper strips was measured as millimeters per minute. The mSTT1 was performed and prepared according to literature (Korbel and Leitenstorfer, 1998; Silva et al., 2013; Lima et al. 2015) . In brief, a regular STT strip (DrogaVet, Curitiba-PR, Brazil) was aseptically transected with a scalpel blade and ruler (while still in the sterile package) into two 35 mm-long/2.5 mm-wide strips. The length of the wetting area was recorded in millimeters 1 min after it was placed inside the lower fornix (Figure 2A and D) . The PRCTTT was a commercially available kit (Zone-Quick; Menicon Inc., Clovis, CA, USA) with a 75-mm-long phenolred impregnated thread with 3-mm bent end that was placed in the lower fornix ( Figure 2B and E) for 15 s (Saleh et al., 2006; Vashisht and Singh, 2011) . When the phenol red (pH indicator) comes in contact with the slightly alkaline tears, it changes color from white to yellow-orange, yellow and then to red. The thread was removed after 15 s and the red portion was measured from the very tip regardless of the fold. The EAPPTT was performed according to the literature (Lange et al., 2012 (Lange et al., , 2014 Lima et al. 2015) . The test consists of a small absorbent paper tip (Roeko Color, number 30, Langenau, Germany) which is used with endodontic treatment in dentistry and adapted to be used as a tear production test in small species of animals. It is read after 1 min inside the lower fornix (Figure 2  C and F) . 
Statistical Analysis
Data obtained in this investigation were analyzed using descriptive and inferential statistics. A 2 × 2 × 3 factorial analysis was used to capture the effect age (2 levels: 5 and 42 d), eye side (2 levels: OD and OS), and tear test type (3 levels: mSTT1, PRCTTT, EAPPTT) and their interactions. A 2 × 2 factorial analysis was applied to PFL data to capture the effects of eye side, OD vs. OS and age factor (5 d vs. 42 d of age). Tukey's HSD All-Pairwise Comparisons Test was applied for the means with significant differences. P-values < 0.05 were significant. Statistix 7 9.0 (Statistix 9.0 Analytical Software, Tallahassee, Florida, USA) software was used.
RESULTS
Mean STT1 for 42-d-old chicks was 11.4 ± 2.60 mm. More detailed descriptive data obtained with a regular STT1 were presented in Table 1 ; this test was performed in the additional group of 42-d-old-chicks only. Mean mSTT1 (SD) results were 5.07 ± 1.83 mm and 10.45 ± 2.58 mm for 5-and 42-d old chicks, respectively. Mean PRCTTT results were 12.37 ± 1.80 mm and 25.58 ± 4.8 mm, for 5-and 42-d-old chicks, respectively. Mean EAPPTT results 7.03 ± 0.72 mm and 12.0 ± 0.92 mm, for 5-and 42-d-old chicks, respectively. Descriptive and inferential statistics of all lacrimal tests is presented in Table 2 . Lacrimal test type and age were the significant main effects (P < 0.001). Eye side was not a significant main effect (P = 0.87). The interaction between lacrimal test type and age also was significant (P < 0.001).
Descriptive and inferential statistics of PFL data is presented in Table 3 . PFL significantly increases (P < 0.001) as the chicks grow older. Age was a significant factor for PFL (P < 0.001) but not eye side (P = 0.404).
Overall, results obtained with the different techniques showed that lacrimal production and PFL significantly increased between 5 and 42 d of age.
DISCUSSION
The absence of normal values for tear production in chicks in the scientific literature is likely related to the difficulty to perform tear production tests due to their small-sized palpebral fissure. Our results showed that their PFL is indeed too small to fit a regular-sized 0.5 mm wide STT strip. However, at 42 d of age their PFL is large enough to fit a regular STT. The fact that no parameters are available in the literature for adult chickens, however, is intriguing since the use of regularsized STT strip is feasible (Figure 1) .
Several studies about lacrimal tests and its aqueous production have been conducted in human and veterinary medicine in healthy individuals (Messmer, 2015; Saleh et al., 2006; Lange et al., 2012 Lange et al., , 2014 Lima et al. 2015) and in eyes presenting different diseases (Benitez-del-Castillo et al., 2011) . Previous studies have demonstrated that many diseases or management errors can increase or decrease lacrimal production in poultry (Calnek, 2001; Miles et al., 2006; Feitas Neto et al., 2007; Zande and Kuhn, 2007; Arné et al., 2011; Maliselo and Nkonde, 2015) . Avitaminosis A may be caused by inappropriate formulation of commercial diets or oxidation of vitamin resulting in glandular atrophy and decreased lacrimal production although its exact mechanism is unknown (Shane, 2005) . Diagnosis of avitaminosis A can be difficult as it involves tissue collection and microscopic analysis (Shane, 2005) . However, the use of lacrimal tests could help in the differential diagnosis of avitaminosis A. Husbandry issues like excessive ammonia concentrantion due to poor ventilation cause increase of lacrimal production by conjunctivitis and keratitis (Maliselo and Nkonde, 2015) and increase the susceptibility to respiratory diseases (Kristensen and Wathes, 2000) . Our investigation was performed in an environment with low ammonia levels. It has been reported that chickens exposed to low levels of ammonia (25 ppm) may already show ocular changes. At 50-75 ppm levels, the signs may be exacerbated with presentation of ocular diseases such as corneal ulcers and abnormalities in the anterior chamber (Miles et al., 2006) .
Although a lacrimal test cannot directly diagnose infectious disease, it can be a complementary instrument to help the early detection. Examples of diseases that can cause conjunctivitis and excessive tearing are Newcastle and Marek's diseases, reoviruses, salmonellosis, aspergillosis, infectious coryza, and infectious laryngotracheitis (Calnek, 2001; Freitas Neto et al., 2007; Zande and Kuhn, 2007; Arné et al., 2011; Shane, 2005) . This study established normal lacrimal test values for the aqueous portion of the tear film in younger and older broilers using different methods. Mean results obtained with PRCTTT in chicks were similar to those of adult Amazon parrots (12.5 ± 5.0 mm) (Storey et al., 2009 ). The results for the 42-d-old broiler were similar to larger Psittaciformes including macaws and cockatoos (25.4 ± 3.3 mm to 25.5 ± 5.2 mm) (Holt et al., 2006) .
The mean mSTT1 values observed in the 5-d-old chicks were similar to that of Psittaciformes (3.2 ± 2.7 to 7.5 ± 2.6 mm/min) (Korbel and Leitenstorfer, 1998) , Screech owls (2 to 6 mm/min) (Harris et al., 2008) , and Falconiformes (4.1 ± 2.7 to 14.4 ± 7.2 mm/min) (Korbel and Leitenstorfer, 1998). The mean STT1 values for the 42-d-old chicks were somewhat similar to European birds of prey (12.47 ± 2.66 mm/min) (Barsotti et al., 2013) , vultures (11.9 ± 3.3 mm/min) (Komnenou et al., 2013) , ostrich (16.3 ± 2.5 mm/min) (Ghaffari et al., 2012) , and bald eagles (14 ± 2 mm/min) (Kuhn et al., 2013) . It was higher, however, than in large Psittaciformes including African gray parrots (8 ± 1.5 mm) and almost two times higher than values obtained in ducks (6.2 ± 2.2 mm) and geese (5.5 ± 2.6 mm) (Mood et al., 2017) , Humboldt penguins (6.45 ± 2.9 mm/min) (Swinger et al., 2009 ) and small species such as lories and conures (4.5 ± 1 mm) (Williams, 1994) .
The mean EAPPTT value observed in the 5-d-old chicks was similar to that observed in saffron finches (5.10 ± 0.26 mm) (Lange et al., 2014) . As observed by our group (Lima et al., 2015) and other authors (Rajaei et al., 2014) , EAPPTT tips are firmer and easier to handle than PRCTTT threads or mSTT or STT strips to the point that even one person alone is able to restrain the patient with ease, insert the paper into the conjunctival fornix without touching other structures, and read the test result. As shown on Table 2 , the lacrimal test results with the smallest statistical variation were the EAPPTT, but this does not make the other tests unsuitable. Results obtained with mSTT presented the largest variation. This may be related to human error during regular STT strip sectioning resulting in different widths of the mSTT although care was taken to section the STT strips accurately. Industrialized manufacture of standardized mSTTs strips would help decrease potential variability in the acquisition process of the mSTT in the future. However, the regular STT1 in older chicks also showed a larger variance than EAPPTT.
Results obtained with each different technique and at each different age were significantly different to each other in most cases. Thus, these methods are not equivalent and reference values should be established for each method.
As seen in statistical analysis, there was a significant increase in tear secretion between 5-and 42-d-old chicken. This can be explained by different stages of maturation of lacrimal gland during chick development. The same phenomenon has already been reported for humans and animals. In 1955, Sjogren (1955) demonstrated that tear secretion in humans increase with maturity. In dogs, researchers showed that tear secretion increases as neonates grow and reaches adult values when dogs are still in the end of the juvenile stage (Broadwater et al., 2010; Silva et al., 2013) . The last age chosen to have tear production evaluated was the 42nd day as after this age the animals would be slaughtered for meat. Further studies may be conducted to examine chickens at other ages as well as different breeds of chickens.
In conclusion, tear secretion increases with age in broilers. Normal STT1 values for chickens reported here may serve as a parameter for future investigations. The 3 alternative tests for smaller eyes presented here are viable methods for measurement of tear production in chicks and their results may also serve as normal parameters for detecting eventual tear production abnormalities. Future investigations should address changes related to certain diseases or poor management conditions. Results obtained with EAPPTT showed the lowest coefficient of variation. EAPPTT was also easier to perform and animals showed less signs of discomfort during the whole procedure. Thus, we believe EAPPTT could be introduced on a routine basis for measurement of tear production in broilers.
